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学位論文内容の要旨 
Nowadays, underwater docking application plays an important role for critical activities such as battery recharging, 
data downloading/uploading, exploration and intervention. To do such novel works that need long duration time in the 
deep-sea, one of the main limitations of AUVs is restriction of power capacity. To solve this problem, underwater battery 
recharging with a docking function is one of the solutions to extend the operation of AUVs. The author has developed a 
new 3D move-on-sensing (3D-MoS) system using stereo vision for underwater battery recharging. 
This thesis presents a new method to deal with the docking for AUVs. In the first part of this thesis, the performance 
of the proposed system using stereo vision for real-time pose tracking was discussed and improved by tuning the real-
time multi-step GA (RM-GA) parameters. In the second part of this thesis, the stability of the closed-loop dynamics of 
an ROV with real-time pose feedback when the deformation on the cameras images imposed by air bubbles was explored 
by analyzing the RM-GA's behavior. In the third part of this thesis, the docking experiments using the proposed approach 
that simulate for underwater battery recharging were conducted in the sea, near Wakayama City, Japan. The sea docking 
was conducted using an ROV as a test bed successfully. To confirm the effectiveness of the proposed docking system 
with a fully autonomous AUV, the docking experiment using hovering type AUV (Tuna-Sand 2: University of Tokyo) 
is presented in the fourth part of this thesis. The experimental results proved that the proposed system using the current 
non-lighting 3D marker is effective and feasible for underwater battery recharging. However, when the ROV operates 
in turbid water environment and night condition, the lighting from the vehicle has been confirmed not to be effective 
method. Therefore, a newly active/lighting 3D marker was devised to overcome the above situation of the proposed 
system. The proposed system that composes the optimum RM-GA parameters and the new active/lighting 3D marker 
under turbidity and illumination variation for real-time pose estimation was explained in the final part of this thesis. The 
experimental results confirmed that the proposed system can provide high homing accuracy and robustness against 
turbidity that enables the vehicle dock to a recharging station set at sea bottom. The successful docking operations using 
stereo vision cameras and 3D lighting marker have confirmed the proposed system to be effective for realizing a long 




















／秒に遅れることなく位置・姿勢を推定できる RM-GA (Realtime Multistep Genetic Algorithm))方法であ
る。海底での自動充電の実現には漆黒混濁環境下での安定したドッキング制御が不可欠であり，本研究の
成果は，(1)RM-GAのパラメータを最適に設定したことでビジュアルサーボの安定性を増加させて精度の
良い嵌合制御を実現したこと，(2)発光型の３次元マーカーを提案し，それが(3)漆黒混濁環境下(深海環境)
での嵌合に有効であることを実証したこと，である。 
以上，本研究は深海環境下で自律型水中ロボットが充電ステーションへ自動嵌合することができるシ
ステムを提案し，その制御システムの実用上の有効性も示しており学術的意義は高く，博士(工学)の学位
に値するものと認められる。 
 
